The generalized Enskog-like kinetic equation (GEKE) derived recently for inhomogeneous fluids K. E. Gubbins, J. Chem. Phys. 94, 1367 ( 1991)] has been solved using the thirteen-moments approximation method to obtain linearized Navier-Stokes equations and the associated zero-frequency transport coefficients. Simplified transport coefficient expressions have been obtained for several special cases (simplified geometries, homogeneous fluid). For these cases it is shown that the main contributions to the transport coefficients can be related to those for dense homogeneous fluids calculated at "smoothed" number densities and pair correlation functions. The smoothing procedure has been derived rigorously and shown to be an intrinsic feature of the GEKE approach. These results have been established for an arbitrary dense inhomogeneous fluid with intermolecular interactions represented by a sum of hard-core repulsive and soft attractive potentials in an arbitrary external potential field and/or near structured solid surfaces of arbitrary geometries.
INTRODUCTION
In recent years it has become clear that the properties of fluids at interfaces and in micropores (pore widths less than 20 A) differ markedly from those of bulk fluids. Such strongly inhomogeneous, dense fluids play a crucial role in a number of natural and industrial processes, including adsorption and transport in adsorbents and clays, dispersion of environmental pollutants, metabolism of living cells, etc. For equilibrium properties of strongly inhomogeneous fluids, considerable progress has been made over the last few years. Classical equations such as that due to Kelvin are now known to fail badly for highly inhomogeneous fluids (e.g., for confined fluids in pores with widths below 80 A); however, statistical mechanical approaches such as density functional theory and some forms of integral equation theory can describe a wide range of equilibrium phenomena (phase transitions, adsorption, isosteric heat, solvation forces, etc.). Much less attention has been paid to transport properties of such highly inhomogeneous systems. However, from our experience with equilibrium properties we can anticipate that approaches based on continuum mechanics or on bulk-phase kinetic equations plus boundary conditions are likely to break down when the scales of spatial inhomogeneity and intermolecular spacing are comparable. lation function contact values were equated to those of the corresponding homogeneous equilibrium fluid calculated at the Fischer-Methfesse16 smoothed density for the equilibrium inhomogeneous fluid.
In our previous work' we developed a rigorous microscopic theory describing nonequilibrium behavior of dense, strongly inhomogeneous fluid mixtures. Introducing the generalized Mori projection operator method' we have derived a functional perturbation theory (FPT) to describe the evolution of the many-body dynamic system, and have shown rigorously that generalized Langevin equations (GLE's) should be regarded as the first order form of FPT. Subsequently, we used the GLE's to obtain Enskog-like close-to-equilibrium linearized kinetic equations for the singlet distribution functions of dense inhomogeneous fluid mixtures. These equations proved to be a generalization of a linearized form of those3 derived for mixtures of hard spheres to a case of inhomogeneous fluid mixtures in which the intermolecular interaction potentials could be represented as a sum of hard-core repulsive and soft attractive contributions. The number densities and structure factors (pair and direct correlation functions) occurring in these equations were those specific to the corresponding equilibrium inhomogeneous fluid mixtures; quite accurate theories now exist for these equilibrium correlation functions.* The most successful approach to transport properties
In this paper we solve the kinetic equations derived of inhomogeneous fluids so far was proposed by Davis,"' previously' to obtain linearized Navier-Stokes equations and is based on an intuitively reasonable extension of the and the associated transport coefficients. In carrying out revised Enskog theory.3-5 Although Davis' theory ad- this procedure we have defined the continuum variables vanced our understanding of the transport behavior of in-(number density, macroscopic velocity, etc.) as correhomogeneous fluids, explicit expressions for the transport sponding velocity moments of the nonequilibrium singlet coefficients were found only for the cases of a local equidistribution function,"" and have used the 13-moments librium velocity distribution for weakly inhomogeneous approximation method, as modernized by Sung and fluids, with inhomogeneity in one direction. These results
Dahler." The expressions for the transport coefficients are included an additional ad hoc assumption, according to obtained without any additional ad hoc assumptions, and which the nonequilibrium inhomogeneous fluid pair correprovide a rigorous generalization of Davis' smoothed den-8970 J. Chem. Phys. 99 (1 l), 1 December 1993 0021-9606/93/99(11)/8970/27/$6.00 @ 1993 American Institute of Physics sity postulate. The theory does not involve any restrictions on the equilibrium inhomogeneous fluid densities or their spatial gradients. We focus our main attention on the shear and bulk viscosities and the thermal conductivity. These transport coefficients have a tensorial nature; thus, shear viscosity is a fourth rank, while bulk viscosity and thermal conductivity are second rank tensors. The scalar quantities can be recovered by convoluting the tensorial ones with the corresponding contributions to flux tensors composed of the second partial derivatives of macroscopic velocity and temperature. The final expressions for the transport coefficients can be regarded as providing a rigorous density smoothing procedure that relates the various terms in the coefficients for the inhomogeneous fluid to corresponding quantities for a homogeneous fluid. The rigorous smoothing procedure derived here gives different prescriptions for the various transport coefficients, and does not relate them simply to the corresponding coefficients for the homogeneous fluid, but rather to various spatial integrals over the equilibrium inhomogeneous fluid number density and pair correlation function.
A particular interest of ours is the transport behavior of inhomogeneous fluids near solid walls and in narrow pores, and the theory explicitly includes the effects of such structured walls. Thus, we expect the theory to be able to account for the presence of a neighboring wall, or of confinement in a pore; such effects are known to be large.12- '6 In what follows we first consider the general case of arbitrary geometry and degree of inhomogeneity. We then consider several special cases. In the homogeneous fluid limit [n(q) =const, where n(q) is the number density at q, and walls are absent] the general expressions for the transport coefficients reduce to those of Sung and Dahler." The second, and more interesting, special case is that of inhomogeneous fluids confined by solid surfaces of some simple geometry. Examples are fluids confined to a narrow slit, cylindrical or spherical capillary pore, in the absence of any spatially directed external potential field other than that due to the fluid-wall potential. We consider in detail the case of a fluid confined to a slit with structured, parallel walls. For such cases it is possible to derive scalar transport coefficients explicitly; the various contributions to these coefficients can be related to the corresponding terms in the coefficients for the homogeneous fluid, through the smoothing procedure derived. Finally, the special case of Davis' theory results' can be recovered by neglecting terms of order [bn (q)]', where b = 2?rd/3 ((+ is a hard-core diameter), and introducing his approximate smoothing procedure.
II. THE THIRTEEN-MOMENTS APPROXIMATION EQUATIONS
We consider an inhomogeneous fluid of nonreactive, structureless molecules in which the intermolecular interactions are assumed to be pairwise additive, central and decomposable into the sum (2.1) Here qlw n =qlwql,=ql -qw, and ql, qw are coordinate vectors of centers of masses of a fluid molecule and a wall molecule, respectively. The walls are considered impenetratable for fluid molecules and thermostated at temperature T, and wall molecules are unmovable from their average positions qw (molecules of an infinitely large mass), and belong to the same species. Since the model assumes fixed wall atoms, there will be a net momentum production between the fluid and the wall, but no kinetic energy production. This neglect of kinetic energy flow between the fluid and wall should not affect the transport coefficient expressions, except very close to the wall. These are the primary goal of our work here. We also assume that there is no chemical reaction between any of the molecules in the system. Neglecting delayed response of the system, and in close vicinity of the equilibrium state of the system, one can use kinetic equation ( dv'lY(q,v;q',v')SF(q',v';t) , (2.3) where t is time variable, q, v and q ', v' are coordinate vectors and velocities of fluid molecules, 6F( q,v;t) denotes the deviation of the nonequilibrium inhomogeneous fluid singlet distribution function F( q,v;t) from its equilibrium form, and the dot * denotes the inner product. The quan-
In expression (2.4), Q(U) = (f?m/2n)3'2 exp( -pmu2/2) is the Maxwell-Boltzmann velocity distribution function, where p= l/kBT, and kg, T, and m denote the Boltzmann constant, temperature, and mass of a fluid molecule, respectively; v1 ,v2 ,v',v are molecular velocities, q,q',q" are coordinate vectors of molecules, B=u,i+o,j +a& is the unit vector of direction cosines (i,j,k are the unit vectors of corresponding directions), I&I =l; 6(q-q'), 6(v'-vI 
are Dirac S functions, v;" is the post-collisional velocity corresponding to the precollisional velocities v1 and v2, 71 *= Vl -(v~1*ii21)(i21, VZI=VZ-~1, and B(vzI*B), 0( -vl * &) are the step functions. Quantities n(q), g(q,q +a&), C( q,q') are the equilibrium inhomogeneous fluid number density, pair correlation function contact value and the direct correlation function, respectively. Similarly, n,(q), gl,(q,q--a,$) are the equilibrium wall molecule number density and the pair correlation function contact value specific to fluid-wall molecule interactions. Finally,
the Mayer function specific to the fluid-fluid molecule hard-core interaction and the dots * mean inner products of tensors A and B, 8~i ,..., ,B, ,..., j. Integration sd& everywhere in this work means an integration over the surface of the sphere of radius I B I = 1. We note that the third term in the right-hand side of Eq. (2.4) explicitly contains the effects of any walls present in the system. All other terms in the right-hand side of Eq. (2.4) include the effects implicitly, through n(q' f a&), g(q'*&q'), C(q,q'), and f(w').
The next logical step is to replace the kinetic equation (2.3) for SF (q,v;t) with an equivalent set of equations for its velocity moments. For this purpose we will use the generalized Hermite polynomials" defined as The polynomials from Eq. (2.5)) can be considered as the c representatives of some abstract bra (11 and ket 11) vectors, 8) and the conditions (2.6) take the form (I I k) =slk and EiIi)(il =l. Then Eq. (2.3) can be "spanned" by the vectors of (II basis set above,
where "projections" (II SF) of SF(q,v;t) on this basis set are velocity moments of SF(q,v;t),
The (11 basis set consists of infinitely many vectors generating infinitely many moments of the singlet distribution function. Since we cannot solve the entire set of equations (2.9) for the singlet distribution function velocity moments, we should restrict ourselves to some reasonable number of the moments which could provide a macroscopically complete description of the hydrodynamic and thermal processes involved. The simplest approximation of this kind would be the 13-moments representation, for which the basis set of (II vectors is limited to elements { (iI v); labeled with the continuum variables corresponding to their ensemble averages, Sn(q,t), u(q,t), 6T(q,t), P'(q,t), and Q( q,l) standing for particle density, velocity, and temperature deviations from their equilibrium values, and for "kinetic" contributions to the pressure tensor and energy flux, respectively, and I means the unit matrix. We define the continuum (macroscopic) variables above as corresponding velocity moments of the distribution function SF(q,v;t), similar to those defined for homogeneous fluids 9-" 19) $ n(q)kBST(q,t) = s dh4vPF (q,v;O, (2.20 ) 
We note that the continuum variables A( q,t), which are defined in Eqs. (2.18)-(2.22), are the differences between the dynamic variables in the nonequilibrium inhomogeneous system and the corresponding equilibrium inhomogeneous one. For example, the variables A( q,t) considered do not include the number density n(q,t) or the temperature T( q,t), nor the differences in these quantities between the real system and a homogeneous one; instead, they include the differences Sn (q,t) and ST( q,t) in these quantities between the nonequilibrium and equilibrium systems, both of which are inhomogeneous. We do not expect the differences due to nonequilibrium to be large even near walls, because the departure from equilibrium is assumed to be small. This assumption is supported by molecular simulation results (see, for example, Ref. 14). Since our main objective is to obtain expressions for the linear transport coefficients for inhomogeneous systems, it is only necessary to consider small departures.
Moreover, the direct correlation function in Eq. (A2) can be expressed in terms of the pressure tensor P(q) specific to an equilibrium inhomogeneous fluid by using the corresponding compressibility equation,i8
Nq-4)
is the functional derivative of the equilibrium pressure p(q) =f Tr P(q) with respect to the equilibrium number density n( q') taken at p=const, and
Tr p (q,q') denotes the trace of the tensor p(q,q'). Thus, inserting the expression (2.24) for C(q,q') into Eq. correspond to those introduced in Appendix A. Notations Sn(q,w), u(q,w), ST(q,w), P'(q,w), and Q(q,w) denote time Fourier transforms of corresponding continuum variables.
III. THE LINEARIZED NAVIER-STOKES EQUATIONS
To obtain the linearized Navier-Stokes equation one should solve Eqs. (2.28) and (2.29), and insert the resulting expressions for P '(q,w) ( -a) [which is valid in the case considered here, because continuum variables P '(q,o) and Q(q,w) are averaged quantities specific to a close-to-equilibrium fluid] the third order terms with the second derivatives of P'(q,w), Q(q,w>, and terms with sQ(q,a), and (Nag) l P'(q,w) in Eqs. (2.28) and (2.29) should be neglected.'*"
Moreover, since I o, I, I uv I, and / a, I < 1, the following conditions hold: 
,.
n II ~q(q) = (5 J;rB;;;/4d?hqW, A:*'(q,o) =4rAfl(q,w)n(q) (I+; I d~(q-~~)g(q,q-~~)~~), (3.15) an(q)
The fourth rank Cartesian tensor I4 above consists of three nonzero components ( 14) 
where an(q) 15 ch+-w) =-aq += ?r7.~(q,w)T~(q,w)cP(q):~~(q), (3.19) (3.36) and everywhere below should be performed first, and tensors Gi (q,w), G2 (q,w), and G3 (q,w) are defined as Although expressions (3.34)-( 3.36) and (3.44) for viscosity tensors and tensorial thermal conductivity, respectively, have a complicated structure, they can be reduced to reasonably simple forms which can be proved to generalize those for the corresponding homogeneous fluid transport coefficients. This is further discussed in Sec. IV.
IV. ANALYSIS OF RESULTS
With some additional and not very strong restrictions the linearized Navier-Stokes equations (3.23) and (3.24) and expressions for the transport coefficients (3.34), (3.36), and (3.44) obtained can be dramatically simplified.
We assume now that the fluid inhomogeneity is due to the fluid-wall potential, and that no other external fields are present. This case would include simple fluids confined in capillary pores whose walls are composed of simple atoms (for instance, carbon, silicon, zeolites, etc.). Then from correlations (3.1) and (3.2)) it follows that in each set of terms in Eqs.
(3.23) and (3.24) proportional to constants, h(q), and b2n2(q), one can restrict consideration to terms of tensoriality &%& in Eq. A. Transport coefficients in immediate vicinity of structured solid walls
In expressions (4.5)-(4.7) tensors (&&I%) and (&?) are those iX%&& and &&, respectively, in which components qmvm and WL with odd powers of indices p,s,l,m =i, j,k (e.g., ~Uj, ajO~, etc.) have been neglected, because of hierarchies established at the beginning of this section.
As can be ea:ily seen from Eqs. (4.5)-(4.7), the ratios 4°(s,w)/n(a), ~(w>/n(s>, and L'(q,w)/n(s) do not depend on local values of the number density n(q). Similarly to the transport coefficients for the general case defined by Eqs. (3.34), (3.36), and (3.44), those from Eqs. Although, in general, there exists a variety of contributions to the transport coefficients, Eqs. (3.34), (3.36), and (3.44), caused by the presence of walls, the main contributions caused by hard-core fluid-wall intermolecular interactions are those which contribute to $(q,w) and fl(q,o) [Eqs. (3.8) and (3.11), respectively; at the zero frequency limit the 7*'s are reduced to TV(q) and TA(q) defined by Eqs. (3.6) and (3.9)]. This fact becomes even more obvious after natural reduction of the transport coefficients to those of Fqs. (4.5 )-(4.7), which assume no external field other than that of the fluid-wall interactions (see the beginning of this section). Quantities TV(q) and TA(q) are multipliers in the expressions for the main contributions to the shear viscosity and thermal conductivity tensors for all cases, including those for homogeneous fluids. As follows from expressions (3.6) and (3.9), the contributions to TV(q) and Tn(q) caused by hard-core fluidwall intermolecular interactions are proportional to Sd~,(q-ul~)g,,(q,q-u~~),
and are nonzero only for distances I from the walls which are about uu,,.
However, for separations Iz=(T,~ the values of r9 (q) and Tn(q) can differ significantly from those for I> ulW
Since both functions n,(q--a,$) and gi,(q,q--a,>) are positively defined, Jd&n,(q-ual$)gl,(q,q-u&)>O, and values of TV(q) at I~ui,,, could be smaller than those at I> ulW This could lead to a decrease of shear (and bulk) viscosities at distances Izu,~ from the walls. Moreover, from Eq. (3.6) it can be seen that the larger the ratio (at Ju) 2 is, the larger is such a decrease. Macroscopically, for walls of simple geometries this could result in sliding of the fluid monolayer nearest to a wall along the wall. This phenomenon (known as a slip in velocity) has been discovered theoretically" and confirmed by different experimental investigations in fluid mechanics (for example, in the case of a flow of hard spherical colloid particles in cylindrical channels16), and by computer simulations of low density gas flo~s~'~~t and flows of simple liquids.22 Here we have provided a possible microscopic justification for these observations. d&g(q,q-u&)&>, k= l,..., 5. respectively. In the following subsections we consider several special cases of the further simplification of expressions (4.5)-(4.7) for the transport coefficients.
For the thermal conductivity the situation is quite different. The hard-core, fluid-wall intermolecular interaction contribution to 7;3( q) is negative [see Eq. (3.9)], which can lead to an increase in the thermal conductivity of a fluid at distances IzulU from the walls. Once again, the value of this increase is defined by the ratio ( u,Ju)~, as well as by Sd~,(q-u,~)g,,(q,q-a,~).
Quantities TV(q) and rL( q) are related to characteristic times TV(q) and Tn( q) of the momentum and energy redistribution responses of a fluid by relations (3.7) and (3.10), respectively. Thus, the results obtained show that in the immediate vicinity of walls the hard-core, fluid-wall intermolecular interactions accelerate the momentum redistribution into a direction normal to the walls, and do not effect significantly the tangential momentum redistributions. In addition, these interactions slow down the energy redistribution.
B. Dense homogeneous fluids
For homogeneous fluids the equilibrium number densities do not depend on molecular positions, n(q) =n, and g(q,q-&) =g(a). Subsequently, in the absence of solid walls, n,(q) =0, and the corresponding Navier-Stokes equations, which can be obtained from Eas. We assume that the fluid is inhomogeneous only in the z direction. Assigning the origin of a spherical coordinate system (r&4> to position q=q$+q,j+q$=xi+yj +zk, so that 6 is an angle between the z direction and spherical radius r, and, thus o,=sin 6' cos 4, a,,=sin 8 sin 4, and a, In coordinate representation the Navier-Stokes equations (4.1) and (4.2) take the forms In the particular case of a fluid in a narrow slit pore the results Eqs. (4.47)-(4.52), can be simplified further. We choose the z direction to be orthogonal to the pore walls, which are parallel to each other. Then the shear rate tensor will have just four nonzero components S,=S,, SyZ=Sry, because in a narrow pore of several molecular diameters width, u,( q,o) =O. As a result, Sd( q,w) =O. Subsequently, the right-hand side of the momentum conservation equation (4.45) takes the form sequently their dependence on q is not dramatic, it can still be significant. From a practical point of view it would be helpful to know for which specific inhomogeneous fluid systems, if any, the spatial dependence of the transport coefficients is negligibly small.
For this reason, we first consider the transport coefficients in the case of external fields generated by fluid-wall intermolecular interactions only, Eqs. Moreover, from the definitions of the quantities rz( q,w) and e( q,w), Eqs. (3.8) and (3.11)) respectively, it follows from the condition
Other examples of fluid inhomogeneous in only one direction include fluids confined in narrow capillary pores of spherical and cylindrical geometries. The corresponding linearized Navier-Stokes equations and transport coefficients can be found for these cases after rewriting Eqs. (4.45) and (4.46) in proper coordinate system representations. We postpone investigation of such systems to our future work. have been proved to be independent of local values of n(q), and conIndeed, these quantities depend on q through T,,(q) and 72(q), respectively. Then from Eqs. (3.6) and (3.9) one can show that for separations 1 q/ > on,, from walls the dependence of $ and r$ on q is defined by Jd&n(q -o&)g( q,q -oe), because of the inequality I di+[n(q--a3 -n(q)lg(q,q--c Consequently, we conclude that for inhomogeneous fluids for which sd&n (q -a&)g( q,q-a&> is almost independent of q, i.e., In expression (4.57) we have neglected the contributions of op,, terms with Z#n into u(O), and assumed a2, a('), a (') to be independent of q. Although this additional restriction is not obvious in the particular case of external potentials generated by the fluid-wall interactions only, more detailed analysis shows that this condition is required to assure that the ratios (transport coefficient)/n(q) are independent of q in the general case [see Eqs. (3.34), (3.36) , and (3&l)].
For a fluid inhomogeneous in only one direction (e.g., the z direction), Eq. If we choose the origin of the Cartesian coordinate system to lie somewhere inside a wall, than Eq. (4.62), as noted earlier, would hold for z-z,&r,J2
(the positive direction of the z axis corresponds to the direction from the wall into the fluid). Equation (4.62) is an inhomogeneous, linear, second-order differential equation, and at z>atJ2 +zW has the solution where n(z) is a general solution of the corresponding homogeneous equation, which, since quantities a2, al'), a$, and bo#O are real and positive, describes the damped harmonic space oscillator;23 for (a~'))2-2u~)a2#0 it takes the form RI(z) = I 0,
where C,, C2 denote constants, S,,, are ii(z) = C3 exp +a], z>z,+adJZ The main conclusion of the discussion above is that for inhomogeneous fluids in which the equilibrium number densities n(q) behave qualitatively like damped spatial oscillators one should expect the ratios (transport coefficient)/n( q) to be only weakly dependent on q. Simulation data (for instance, Ref. 24) for the equilibrium number densities of fluids confined in narrow slit pores of width greater than 30 exhibit such damped oscillatory behavior for n(q) .
The qualitative consideration above can be extended to inhomogeneous fluids in narrow capillary pores of cylindrical and spherical geometries, which we will consider in the near future and, hopefully, to other systems of relatively simple geometries. Thus, we conclude that for inhomogeneous fluids confined in pores of some simple geometries the ratios (transport coefficient)/n(q) should be only weakly dependent on q at separations from the walls ] qI > ald2. This conclusion is in a good agreement with that obtained by Davis and co-workers12'13724 from simulation data for velocity profiles of Couette flow in narrow slit pores of several molecular diameters in width. Though such fluids are strongly inhomogeneous, for strictly geometrical reasons the ratios (transport coefficient)/n (q) behave as if the fluids are weakly inhomogeneous, and the corresponding Navier-Stokes equations are rather simple generalizations of those for homogeneous fluids.
V. CLOSING REMARKS
The transport theory derived above is a rigorous generalization to inhomogeneous fluids of the Enskog-like approach suggested by Sung and Dahler" for homogeneous fluids. Although rigorous this theory remains tractable, an advantage that derives from dividing the potential into hard-core and soft contributions. The transport coefficients thus derived have a simple and tractable structure, and can be easily investigated and evaluated. The theory incorporates some approximations. The two basic ones are truncation of the set of moments equations and neglect of dynamic memory.
I
The shortcomings of the 13-moments approximation can be alleviated, in principle, by expanding the basis set beyond the first 13 velocity moments of the singlet dynamic distribution function. Although we do not have enough information on nonequilibrium inhomogeneous fluids to estimate the omission properly, it's well known that for homogeneous fluids more accurate estimates of the transport coefficients at zero frequency in the conventional Chapman-Enskog procedure lead to slight modifications of the numerical values of the contributions proportional to n2b2g( a); these correction factors are ( 1.016) -' for shear viscosity and ( 1.025) -' for thermal conductivity.'*" Thus, one does not expect the use of the 13-moments basis set truncation to lead to large errors. To correct this omission, one can use the Gross-Jackson kinetic modeling procedure,25 which should be extended to inhomogeneous fluids.
The main contribution to dynamic memory effects is likely to come from repeated core collisions (not included in the theory presented here); there will also be smaller contributions due to the soft part of the potential. The neglect of these dynamic memory effects can be corrected for through analytic models, or by using molecular simulation data. Thus, one can make an approximate correction for these effects by adjusting the theoretical results to match simulation data for a fluid of hard spheres of the same hard sphere diameter, as has been done by Sung and Dahler, l1 who used Alder?6 and Dymond27 correction factors. For inhomogeneous fluids the application of such ideas will be somewhat more complicated, since the density (and hence, the effective hard-core diameter, in the Weeks, Chandler, and Anderson (WCA) approximation discussed later) varies with position.
Calculations based on Eqs. (3.34), (3.36), (3.44), or (4.5)-( 4.7) require determination of the local equilibrium number density n(q), the hard-core diameter a, and evaluation of contact values of the pair correlation function g( q,q-a&) for the intermolecular interaction potential pr of Eq. (2.1). The latter should be chosen so that it mimics some more realistic intermolecular potential, e.g., the Lennard-Jones model, pLT. To do this, one can use the Weeks, Chandler, and Anderson28 or Barker and Henderson29 (BH) methods. Both methods have their pros and cons from the transport theory point of view. The WCA method supplies a hard-core diameter, u,,,, which depends on the equilibrium number density and temperature of the fluid, whereas the BH procedure yields a anu that depends only on temperature. From a dynamical point of view there is scarcely any difference between collisional encounters described by potentials qI and Q)~, and it's reasonable to take into account the averaged effects of such small differences in the potentials by choosing the hardcore diameter u to be a functional of density and temperature. "" In using the WCA choice of hard-core diameter, we note that the theory incorporates an assumption that the hard-core diameter (T corresponding to local densities n(q) and n (q + 0 is the same, provided ( { 1 <a. We believe this may be a good approximation for many situations, since the density dependence of 0 is weak.28 Nevertheless, the theory should be regarded as a zero-order theory with respect to the density dependence of a, provided the WCA choice of hard-core diameter has been used. In order to avoid having to calculate o for every local value of n(q) it should be possible to introduce an averaged density n*, and then calculate owCA( n*).
The BH choice of hard-core diameter looks much more attractive for inhomogeneous fluids, because osH does not depend on the density of the fluid. In this case the theory developed above should be regarded as an exact theory with respect to the density dependence of o. However, alleviation for the neglect of the dynamic memory may become more complicated, because it is no longer clear that the main contribution to the memory can be equated to those caused by the repeated hard-core collisions only.
The While such an approach may give immediate results, it will be of uncertain validity and likely to break down in unforseen ways. We plan to test the theoretical expressions for the transport coefficients presented here via molecular simulations for fluids near walls and confined within pores, and these results will be presented in future papers.
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